Introduction
The diagnostic evaluation of pathologic fractures continues to challenge orthopaedic surgeons because of the many diagnostic possibilities, including metastatic and primary tumors of bone. Metastatic tumors of bone are far more common than primary malignancies [8] ; however, with vastly different treatment objectives and surgical management, accurate differentiation between these two clinical entities is critical. Multiple diagnostic strategies have been suggested to determine the origin of a suspected metastatic bone lesion of unknown primary tumor [14, 17, 21] . In the absence of a biopsy, however, these strategies do not effectively identify primary bone malignancies. As a result, primary bone sarcomas may be mistaken for metastatic bone disease and treated inappropriately. A single case series of three patients with high-grade primary bone sarcomas initially treated with retrograde intramedullary nails by Spence et al. [22] and an instructional course lecture by Peabody [16] provide the only literature on the subject, with those authors emphasizing thorough preoperative evaluation and diagnostic biopsy before surgical treatment. We presumed failure to adhere to these preoperative recommendations contributed to inadvertent fixation of primary bone sarcomas in a series of patients referred to our institution after internal fixation.
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The purposes of our study were (1) to identify and report the critical errors in initial diagnosis and management leading to inadvertent implant violation of these eight primary bone sarcomas with particular attention to simple preventive strategies and (2) to report the definitive salvage treatment measures, functional outcomes, disease control, and survival after inadvertent internal fixation of primary bone sarcomas.
Materials and Methods
We retrospectively reviewed the medical records of eight patients with primary malignancies of bone who had been treated previously for an actual or impending fracture with an internal fixation device from 1994 to 2004. Patients with metastatic osseous lesions, including metastatic sarcomas, were excluded. There were seven women and one man, with an average age of 63 years (range, 43-79 years). Six patients had no medical history of malignancy. One patient had a history of basal cell carcinoma treated with wide local excision and the remaining patient had a history of prostate carcinoma treated with pelvic external beam radiation. In seven patients, the tumor was located in the femur, three in the proximal metaphysis and four in the distal metaphysis. In the remaining patient, the tumor was located in the proximal humeral metaphysis ( Table 1 ). The minimum followup after the index procedure (internal fixation) was 8 months (mean, 27 months; range, 8-80 months); followup was limited by the early death of four patients at 8, 9, 12 , and 18 months postoperatively. We had prior Institutional Review Board approval.
From the records, we noted relevant demographic and clinical data, including patient age, gender, medical history of malignancy, and tumor location. We recorded the history of present illness and the initial radiographic evaluation and interpretation. The initial presenting complaint was a fall associated with acute fracture in six patients, one of whom reported antecedent pain. One patient presented with localized extremity pain without fracture and another patient presented with extremity pain and sustained an atraumatic fracture while undergoing inpatient preoperative evaluation for biopsy. The initial radiographic evaluation consisted only of radiographs of the involved extremity in seven patients ( Fig. 1 ). One patient had radiographs, MRI of the extremity, and a whole-body technetium-99 bone scan. Clinical suspicion of a pathologic fracture was documented before initial treatment in five cases.
We recorded the biopsy technique, including timing, surgical approach, and use of frozen-section analysis at initial biopsy, initial histopathologic impression, and initial treatment modalities for each patient. In five patients, tissue was obtained for histopathologic analysis at the time of internal fixation using various methods: conventional incisional biopsy (one), curettings through the trochlear notch before retrograde nail insertion (two), and intramedullary reamings (two). Intraoperative frozen-section analysis was used in two patients, reported as ''cellular elements with atypia'' in one and ''fibrous histiocytoma versus giant cell tumor'' in the other. In two additional patients, the biopsy tissue was obtained during a secondary procedure at the referring institution, one prompted by progressive lucency around the implant and the other by persistent pain and swelling at the incision site. In the remaining patient, no biopsy tissue was obtained at the referring facility and open biopsy was performed at our institution. We defined index treatment as the initial surgical treatment for the actual or impending pathologic fracture before referral and included internal fixation with either an intramedullary device (six) or a plate and screw construct (two). All six intramedullary devices involved femoral lesions and four of the six were retrograde nails used to stabilize the distal femur. Plates and screws were used in two patients, one in the proximal femur and the other in the proximal humerus.
Subsequent to presentation at our institution, stage of disease and final diagnoses, based on permanent histopathology from the definitive resection or amputation, were determined. We recorded definitive medical and surgical treatments, complications, and followup from time of the index surgical procedure. Musculoskeletal Tumor Society (MSTS) functional scores [5] were calculated to assess posttreatment function, and patient survival, local recurrence, and metastatic disease were recorded. Tumors were staged using the MSTS staging system [6] , and all patients were considered to have extracompartmental disease resulting from compartmental contamination at their index procedure. Thus, five patients presented with Stage IIB disease and three patients presented with Stage III disease. The final pathologic diagnoses were dedifferentiated chondrosarcoma (three), mesenchymal chondrosarcoma (one), malignant fibrous histiocytoma (two), osteosarcoma (one), and malignant giant cell tumor (one). We compared these final diagnoses with initial pathologic impressions from biopsy. In seven of eight patients, the initial pathologic impression was suspicious for sarcoma; however, an accurate histopathologic diagnosis was made in only two patients. In the remaining patient, ''fracture healing reaction'' was the initial pathologic diagnosis based on analysis of intramedullary reamings after acute fracture. Definitive surgical treatment was defined as the procedure required for local tumor control and included amputation or wide local resection with limb salvage. Amputation was performed in six patients: four hip disarticulations and two hemipelvectomies. Limb salvage was performed in two patients: one proximal humeral resection with endoprosthetic reconstruction and one femoral resection with total femur endoprosthetic reconstruction. The patient with the total femur megaprosthesis refused amputation after retrograde intramedullary nailing of a distal femoral dedifferentiated chondrosarcoma. There were two surgical complications for which additional surgery was performed. One patient had an acute postoperative infection after hip disarticulation and was treated successfully with irrigation, débridement, and intravenous antibiotics. The second patient had anterior subluxation of a proximal humeral prosthesis 9 months postoperatively effectively treated with open relocation, capsular reconstruction, and subscapularis advancement. Including initial treatment and secondary procedures, patients underwent an average of 2.9 operative procedures (range, 2-4 procedures). Adjuvant external beam radiation was administered to one patient after the initial procedure and before presentation to our institution. Adjuvant chemotherapy was administered to four patients after referral.
Results
We identified four critical errors: inadequate attention to patient history, incomplete radiographic evaluation, improper biopsy techniques and histopathologic interpretation, and surgical techniques that violated compartmental boundaries ( Table 2) . Three of eight patients had a documented clinical history suspicious for pathologic fracture; however, only one patient had any additional radiographic or clinical assessment. The initial radiographic evaluation was considered inadequate in seven patients, consisting of radiographs of the affected extremity only. Initial biopsy errors occurred in all referred patients, including the failure to biopsy the lesion before initial treatment (three), use of an intraarticular biopsy technique (three), intraoperative biopsy without frozen-section analysis (three), failure to properly interpret intraoperative frozen section (two), and (2) violation of knee use of intramedullary reamings as biopsy material (two). Initial treatment errors occurred in all eight patients, including violation of soft tissue compartments and/or the knee in all patients. All eight patients were surgically treated before establishing a diagnosis and three patients were treated without an attempted biopsy. Four of the eight patients were alive and free of apparent disease at last followup with one in full remission from metastatic disease, but inadvertent internal fixation of primary osseous sarcomas resulted in high-level amputations, multiple surgical procedures, and low MSTS functional scores. Six of eight patients underwent amputations for local disease control: four hip disarticulations and two hemipelvectomies. Three of the four patients with distal femoral lesions had hip disarticulations, a considerably more radical procedure than typically is indicated for highgrade malignancies of the distal femur, the majority of which can be treated successfully with limb-sparing surgery or transfemoral amputation. Additionally, these patients had an average of 2.9 procedures, which is unnecessarily high for a series of patients who should be diagnosed and treated successfully with one biopsy and a definitive procedure. The mean MSTS functional score of all patients at last clinical followup was 10.6 (range, 6.5-20). The only patient with reasonable recovery of function, with an MSTS functional score of 20, was the patient with proximal humeral reconstruction. The average functional score for the seven patients with lower extremity tumors was 9.3. Four of the eight patients died, with a mean survival of 12.8 months (range, 8-21 months). Two patients who died presented with Stage IIB disease, one of whom had disseminated disease develop after amputation and systemic chemotherapy. The other two patients who died had Stage III disease at presentation. One patient with metastatic disease to the lungs at referral had a complete response to chemotherapy and remained disease-free at 22 months followup. There were no observed local recurrences.
Discussion
Existing literature regarding inadvertent internal fixation of primary osseous sarcomas emphasizes the need for thorough preoperative evaluation and diagnostic biopsy before surgical intervention [16, 22] . However, we suspected an analysis of a series of eight patients undergoing inadvertent internal fixation would reveal failure to adhere to these principles. Through analysis of this patient series and identification of critical errors, we formulated a clear and effective prevention strategy for referring physicians.
The major limitation of our study was the small series size, which precluded statistical analyses. As this was a retrospective study, our review of medical records and radiographs from outside institutions was limited to those made available by the referring physician and patient and was not uniform across the series. Followup was limited by the early death of four patients and the loss of one patient at 22 months resulting from relocation to a foreign country. Despite these limitations, we believe important conclusions can be drawn from this series that could positively affect physician decision making.
We identified four critical errors that preceded inappropriate fixation of primary osseous sarcomas. These included insufficient attention to key elements of the clinical history, inadequate radiographic evaluation, inappropriate biopsy methods, and treatment modalities that violated compartmental boundaries. The clinical history may provide clues to a pathologic fracture, as was the case in three of the patients in this series and in two of three patients in a series by Spence et al. [22] with primary sarcomas undergoing retrograde nailing of the femur. It is possible the initial treating physicians in our series suspected a pathologic process; however, assuming a diagnosis of metastatic carcinoma presumptively they proceeded with internal fixation. With an average patient age of 63 years (range, 43-79 years), our patient population is one in which secondary malignancies are more common than primary bone tumors [16, 17, 21] . However, a medical history of nonmetastatic cancer was present in only two patients and current literature supports the use of a diagnostic biopsy even when a history of carcinoma exists [16, 21, 22] . In a study of 50 patients with a known history of carcinoma presenting with a solitary bone lesion, Clayer and Duncan [2] found a new tumor diagnosis in nine patients (18%), leading them to recommend biopsy of all new solitary bone lesions in patients with a history of carcinoma. Rougraff et al. [17] recommend biopsy if a specific diagnostic strategy of laboratory tests and radiographs do not uncover a metastatic origin in a destructive bone lesion. They reported an 85% success rate in detecting a primary tumor with a diagnostic strategy, including history, physical examination, laboratory analysis, radiographs of the involved bone, whole-body bone scan, chest radiograph, and CT of the chest, abdomen, and pelvis. In addition to the diagnostic protocol described, we suggest additional local imaging studies such as MRI or CT to better characterize the primary pathologic lesion when an isolated metastatic lesion is encountered or a primary sarcoma is suspected. In the rare event that a primary malignancy is not detected with these diagnostics, a biopsy should be performed. Seven of eight patients in this series had inadequate preoperative local imaging of the pathologic lesion and no patients in this series received the diagnostic protocol described by Rougraff et al. [17] . Therefore, a high clinical suspicion of pathologic fractures followed by comprehensive imaging studies and laboratory evaluation will avoid the first two critical errors detected in this series.
The third identified error was the failure to perform a technically appropriate and diagnostic biopsy before surgical intervention. The biopsy is a critical aspect of the diagnostic process, presenting multiple opportunities for surgical and judgment error as highlighted by the myriad of biopsy-related problems in this series. The complications, errors, and deleterious effects related to biopsy of primary malignant sarcomas were highlighted by Mankin et al. [11, 12] . These investigations revealed a fivefold increased rate of biopsy-related problems in referring hospitals versus treating centers. Moreover, poor biopsy techniques resulted in unnecessary amputations (4.5% in 1982; 5.5% in 1996) , high complication rates (5% in 1982; 10.1% in 1996), and altered patient outcomes (8.5% in 1982; 10.1% in 1996) . Despite these admonitions, inadequate and poorly performed biopsies continue, as seen in our series (Fig. 1C) . We consider the biopsy a diagnostic procedure, to be considered separately from definitive treatment but using surgical approaches that do not unnecessarily violate intraarticular or soft tissue compartments; biopsy should provide a definitive histopathologic diagnosis before additional treatment. In certain circumstances, with the collaborative effort of a skilled musculoskeletal pathologist and an orthopaedic oncologist, a definitive diagnosis can be rendered through frozen-section analysis, allowing for definitive treatment at the time of biopsy. Finally, canal reamings are not appropriate biopsy material because the act of reaming may damage the cellular elements, complicating pathologic diagnosis, and may result in intramedullary and systemic tumor dissemination, particularly to the lungs through embolic phenomena [7, 15, 25, 27] . Therefore, six patients in our series (four of whom did not have metastasis at referral) potentially were exposed to malignant emboli through intramedullary reaming at the index procedure. Two of these four patients with Stage IIB tumors had metastatic disease develop at 9 and 10 months postoperatively. Although it is possible micrometastases were present at diagnosis, it is equally plausible metastatic disease was introduced by canal reaming and concomitant tumor embolization. The clinical impact of this potential iatrogenic upstaging is substantial because the stage at diagnosis is a strong prognostic indicator in most highgrade sarcomas [23] .
Failure to limit compartmental exposure at the index surgical procedure was the final identified error in the management of these patients. Ill-advised procedures such as intramedullary or plate fixation can cause compartmental contamination equal to or worse than an improper biopsy. Major surgical errors in this series included violation of the knee with retrograde intramedullary nail placement, intramedullary canal contamination and potential systemic dissemination associated with reaming and nail placement, and soft tissue contamination through other surgical approaches ( Fig. 1D-E) . Such errors compromise surgical options, making local and systemic tumor control more difficult, and may necessitate high-level amputation. We therefore recommend noninvasive stabilization of pathologic fractures using casts, splints, and immobilizers until a definitive diagnosis is determined.
Inadvertent internal fixation of high-grade osseous sarcomas resulted in high mortality in our clinical series, with only four surviving patients at an average of 26.9 months followup. Because the diagnoses were variable, expected survival would be guided by histopathologic diagnoses and stage at presentation. Despite the particularly poor prognosis associated with dedifferentiated chondrosarcomas [4, 9, 13, 23] , two of the three patients with this diagnosis were alive without disease. Although a somewhat surprising finding, long-term followup would be necessary to make additional comment on survival impact in this series. There were no local recurrences, which may be partially attributable to the early death of half of the patients in this series, and the high-level amputations performed to confidently achieve local control. The average MSTS functional scores were markedly lower than those reported for patients with primary sarcomas undergoing limb salvage surgery [1, 3, 10, 18-20, 24, 26] , which again is likely attributable to the disproportionate number of high-level amputations in this series. Without adequate preoperative imaging and staging studies, it is not possible to retrospectively determine what the appropriate definitive procedure for local control would have been for each patient in this series. However, the three patients with tumors of the distal femur who ultimately underwent high-level amputations would likely have been treated with a limb salvage procedure or a transfemoral amputation had they presented to our institution before implant violation. Additionally, an average of 2.9 surgical procedures was performed per patient. Under optimal circumstances, each of these patients would undergo one diagnostic biopsy and one definitive procedure. Our patients thus were exposed to the risks, cost, and morbidity of additional surgical procedures and anesthesia because of inappropriate initial evaluation and treatment. This leads us to conclude the inadvertent fixation of primary osseous sarcomas results in high mortality, the need for high-level amputations, additional procedures, and resultant low MSTS scores. Given this, we emphasize early diagnosis and prevention of these unfortunate events.
Our small series showed inadvertent fixation of highgrade primary osseous sarcomas was associated with poor survival, high-level amputations, low MSTS functional scores, and additional procedures. We recommend a vigilant preoperative assessment of all patients with suspected pathologic fractures with comprehensive clinical and radiographic evaluations. When biopsy is necessary for diagnosis, this should be performed by a surgeon familiar with biopsy principles in association with a skilled pathologist. Noninvasive stabilization is recommended with early referral to an orthopaedic oncologist for biopsy and definitive surgical treatment. In the unfortunate event of internal fixation of a primary bone sarcoma, we recommend a multidisciplinary approach and judicious referral to an orthopaedic oncologist for definitive management.
